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XEUS FOCAL PLANE INSTRUMENTS

Instrument MERS

)
WFI Wide Field Imager °10)
Si-based DEPFET array
(excl. baffle)
Narrow Field Imager
TES-based micro-calorimeter array.
(incl. cryostat + last cooler stage)
Hard X-ray Imager
CdTe-based imaging array
(excl. baffle)

HTRS  High Time Resolution Spectrometer
Si-drift detectors

XPOL  X-ray POLarimeter (XPOL)
Gas proportional imager
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REQUIREMENTS from XEUS Science Requirements Document_v5.

o« X-ray Optics
e« 5m2at 1 keVand 2 m? at 7 keV
o« 5 arcsec spatial resolution
Field of View (arcmin)
e 7' (WFI); 1.7" @ (NFI); 5" x 5" (HXI)
Energy Range (keV)
e 0.2 -7 (NFI); 0.1 — 15 (WFI); 1 — 15 (HTRS); 1 - 40 (HXI)

Energy Resolution

e 150 eV @ 6 keV (WFI); 2 eV for E < 2 keV, and 6 eV @ 6
keVV (NFI); 1 keV @ 40 keV (HXI)

Count rate

e 8 103 c/s 1% pile-up (WFI); ?8 103? c/s 10% pile-up (NFI);
2 106 c/s 10% pile-up (HTRS)
Polarimetry.

e 2% for 10 mCrab in 10 ks (XPOL); 2% for 2 mCrab in 100 ks

- (ﬁPOL)
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Mirror Driven Specifications

Long Focal Length gives Collection Area, but also
detectors.

« Angular Resolution

e Field of View

« Large area

IXO Meeting 20 - 22 August 2008




Narrow Field Imager - TES-based Micro-Calorimeter
PIXEL DESIGN

TES (Ti/Au)
Wiring (Al)

Side view Top view

part of 5 x 5 array
T RON
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Narrow Field Imager - TES-based Micro-Calorimeter
ARRAYS
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Close-up of 32 x 32 array
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Narrow Field Imager - TES-based Micro-Calorimeter
PERFORMANCE for PIXELS from 5 x 5 arrays

countrate 50c¢/s
dE=1.58+0.03 eV

counts/bin

Ui ' 5880 5900

242 244 246 248 250 252 254 256 258

energy [eV] Energy (eV)
Cu-absorber AE = 1.6 eV @ 250eV AE = 2.9 eV at 5.9 keV

100 ps fall time

2,5 eV (FHHH)

5880 5898 5960 5916 5926
Energy [ev]

Cu/Bi-absorber AE =2.5eV @ 5.9 keV
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Narrow Field Imager - TES-based Micro-Calorimeter

PERFORMANCE for PIXELS from 5 x 5 arrays
histogralm —
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AE = 3.1 eV @ 5.9 keV
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MICRO-CALORIMETER READ-OUT BY SQUID AMPLIFIER

‘ e Amplifier of magnetic flux. Works at <
HIlIIlIIIHIIHII‘IIII\HIIIIIIIIHI T° SR 4 K, P n 10 nW

e Current transferred to flux by SQUID
input coil

: e SQUID "“Linear” dynamic range
HIlII!IIIHI-IIIIIllI{IIIIHIIIIHI typ|ca||y 5 105 \/HZ

e Feedback with gain ~ 10 required for
linearization and dynamic range
improvement (flux-locked-loop/FLL)

A2 NS QUMPREITERE e Standard FLL not enough gain-

bandwidth - baseband feedback

® P PREAMP LOW-PASS FILTER
kB S — OUTPUT
>
¥y
@ FEEDBACK
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FREQUENCY DOMAIN MULTIPLEXING
CURRENT SUMMING TOPOLOGY

{

rize
ease

i EF
o TSR 45
pixels/channel
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LC-filters

o Require high Q-factor, since R s = WL/Q <<Rgiac
« Q > 800.f (MHz)
. Superconductlnq c0|Is and C%.paCItOI”S Lo

- Step cove .{ajf problems W|th coil current leads: =
Solved With slopedredgesi(Process optimization)

Q > 4000 measured and demonstrated
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BASEBAND FEEDBACK

SIGNALS

@ COLD ELECTRONICS

DETECTOR
ARRAY

= VAN

SIGNAL

F PROCESSING
FEEDBACK

{\

GT=

po U
CARRIER |—

DIGITAL ELECTRONICS

e Instability of feedback set by frequency separation of carriers (200 kHz) delay
(250 ns) due to digitization and processing. Gain-bandwidth at base-band of
about 30 kHz, so 3x feedback gain at highest signal frequency (10kHz)

e Performance tested on electrical breadboard.

e Bandwidth for carriers up to about 10 MHz (limited by SQUID back-action noise
and LC-filter Q-factor)

e At least possible to multiplex 32 - 45 pixels XEUS type pixels

T RON

IXO Meeting 20 - 22 August 2008 13



BaseBand Feedback Electronics board

Filter
low-
pass

Filter
low-
pass

DSP Clock generation & distribution

ADCH1 DAC1 Filter

N low-
LTC2208 MAX5888 pass

ADC2
LTC2208

RS-422:
CMD/HK DAC?2 Filter
FPGA . low-
MAX5888 pass

Analogue
multiplexer

Trigger inputs:
2-hit level Xilinx
indicators

Virtex5 Buffers:
CMD/HK
Clock&sync

EEPROM
Config mem

GBE Clock generation

SERDES

Flash-RAM Optical
8MB trans/rec

Power regulation & decoupling
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BBFB electronics board realization
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Amplitude and Phase measurements/model of BBFB
On a commercial Xilinx breadboard

-10
TR,
dBH(TR; ¢-2x)

20

Amplitude Error signal/Amplitude input
Phase Error signal/Phase input
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7510° TRy,0 27.10° 7510° TR;,0 27-10

Frequency Frequency

Amplitude: red-data blue-model Phase: red-data blue-model

Gain-bandwidth of 35 kHz for 200 kHz spacing and 830 ns delay
FLL-gain of 3.5x at highest signal frequency (10 kHz)
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Amplitude and Phase measurements/model of BBFB
On a commercial Xilinx breadboard

™,
dBH(TR, g 2x) |

-40

Phase Error signal/Phase input

=
=
2.
]
Rel
L
o
=
&2
o,
g
<
=
=
]
b
o
H
—
o
-
Lo
25}
L
<
=
22
a.
&
<

-60 | | | | | | | 1 1 -100 | | | | | |

1.5910°1.592-10% 594 10°1 596 -10°1.598 -10° 1.6-10° 1.602-10°1.604-10% 606 -10°1.608 -10° 1.61 -10° 1.5910%1.592 10% 594 10%1.596 -10% 598 -10° 1.610° 1.602 10°1 604 10°1 606 -10°1 608 10° 1 61 10°
TRy, TR; o
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Measured carrier suppression — 50 dB
for a gain-bandwidth of 18 kHz
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Narrow Field Imager - TES-based Micro-Calorimeter

FoV: goal
FoV: requirement
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X-ray Energy (eV)

Detection Efficiency (7 um Bi)

16 m m or 1.6 arcmin

Field of View
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Narrow Field Imager - TES-based Micro-Calorimeter

command and HK

AE = 2 eV < 2 keV
FEE-hox Digital

(Ampilifiers, Bias Data +feedback Electronics f‘\/ Event 1 79 2 p I Xe I S fo r 1 . 7
Heat Shielcs AR, BN arcmin diameter FoV

Energy 0.2 - 10 keV

Instrument MaSS 151 kg (lnCI-
control |aSt Stage Cooler)

(prime +
redundant)

Vacuum door/Filter wheel o _ 1

Entrance baffle e o

Entrance
Filters

Power 217 W

Anti-coincidence Detector

Helmholz cois Micro-calorimeter Array

Requires 1 m long
baffle
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Instrument power
(via digital controller (prime + redundan)
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TES micro-calorimeters in EUROPE
SRON and EURECA COLLABORATION

P. de Korte[1], J. Anquita?, F. Bakker, X. Barcons®, P. Bastia!, J. Beyer™, D.
Boersma, F. Briones?, M. Bruijn, J. Bussons®¢, A. Camond, F. Carrera®, M.
CeballosP, L. Colasantii, D. Drung™, L. Fabregaf, L. Ferrari", F. Gatti", R.
Gonzalez-Arrabal?, L. Gottardi, W. Hajdas9, P. Helisto', J.W. den Herder, H.
Hoevers, Y. Ishisaki”, M. Kiviranta!, J. van der Kuur, C. Macculij, A.
Mchedlishvili9, K. Mitsuda®, B. MonnaP, R. Mossel, T. Ohashi", S. Pantalid, M.
Parrad, L. Piro, R. Rohlfs9, J. Sésés, Y. Takei, G. Torriolik, H. van Weers, N.
Yamasaki®

SRON Netherlands Institute for Space Research, Sorbonnelaan 2, 3584 CA Utrecht,
Netherlands, 2IMM-CSIC, Madrid, Spain, °IFCA, Santander, Spain, cUniversity of
Murcia, Murcia, Spain, “IMCA, Zaragoza, Spain, ¢INA, Zaragoza, Spain, IMM-CSIC,
Barcelona, Spain, 9PSI, Villigen, Switserland, "INFN/University of Genua, Genua,
Italy,' Thales Alenia Spazio, Milano, Italy, IASF/INAF, Rome, Italy ,XIFN-CNR Rome,
Rome, ltaly, 'VTT-Sensors, Espoo, Finland, "PTB, Berlin, Germany, "Tokyo
Metropolitan University, Tokyo, Japan, °ISAS/JAXA, Tokyo, Japan,PSystematic
Design B.V., Delft, Netherlands, ISDC, Versoix, Switserland
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Si-doped X-ray Micro-calorimeter at CEA-Saclay

Herschel heritage: Developments by CEA-Saclay and LETI, Grenoble

Contributed paper by Claude Pigot
Fully integrated sensor with read-out multiplexer First fully automated

Tantalum hybrw
_ e

SISO Se

Contact n+

Results: - Impedance of 8X8 sensor matrix in the right range with good sensitivity
- Integration of absorber matrix onto sensor matrix promising
Next steps: April 2008: First 8X8 array with freed Sensor & Absorber
End 2008: 1st Iteration Cold Electronics

Pro: Fully integrated system with multiplexed read-out
Con: Till now no X-ray performance data, use of Ta-absorbers by other
teams failed, potentially slow response, developments late for XEUS.
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Narrow Field Imager - TES-based Micro-Calorimeter
Interface with satellite cryostat at 2.5 K with 10 mW cooling power

Options under development:

Closed @@ég@mmwmmm@dﬁﬁﬁmﬁf@mmrmgmel)
.l'. ’AAI lll 2 1011-

XEUS - NFI X-ray experiment

@ requires 1 W at 50 mK for ADR

- o CCDR meets requirement with
*He return n3 = 30 pmole/s, ny = 120 pmole/s
and a heat exchanger of L =9 m
and d = 0.4 mm

o better thermalization of wiring
reduces required cooling power for
CCDR

@ precooling stage of XEUS delivers 10
mW at 2.5 K

o CCDR needs 5 mW at 1.5-1.8(7) K

o solution: *He Joule-Thompson
expansion from 15 K or with SPICA
technology
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X-ray Polarimeter

Drift plane
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XPOL - Performance

Angular Distribution - iteration 1

180

160[-

120
1001
80

60

Angular Distribution - iteration 1

3
Phi (rad)

5.2 keV polarized photons
for two angular rotations of
the polarizer showing the
good angular sensitivity.
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Efficiency (%)

Detection-
Efficiency

20%He-80%DME
2.6 keV - (%) = 26.14+1.38

3.7 keV - u(%) = 43.10+1.18
5.2 keV - u(%) = 54.47+1.04

- MC data
—+— Real data

|IIII|IIII|III||IIIIIIIII]IIIIlIIIIIIIIIlIIII

Energy (keV)

The modulation factor measured
at 2.6 keV, 3.7 keV and 5.2 keV
compared with the Monte Carlo

previsions.
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